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Nichole Leger, Department of Environmental Studies, University of Oregon,
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ABSTRACT
We assessed the medicinal plant composition of a primary and secondary forest stand in lower montane
wet forest in La Cruz, Costa Rica. Herbaceous and woody plant species above 45cm and below 200 cm in
height (excluding vines and ferns) were collected identified and evidence for possible medicinal
properties sought in both medicinal reference books and from local herbalist. We found approximately the
same overall and medicinal diversity in both stands, but the species composition changed between
primary and secondary forests. From our interviews with local herbalists, we found that herbalists knew
more medicinal species in secondary growth than primary growth. This is expected since secondary
forests are more accessible to local communities than undisturbed primary forest areas. From our
comparison of local herbalist knowledge to medicinal information in book references, we found that
herbalists know more medicinal species in both primary and secondary forest than what books report.
However, book references report on average more medicinal uses per plant species. Studies of medicinal
knowledge may be used to define a value for a forest area which could be critical for its conservation.
Furthermore, it is essential for studies on medicinal composition of forests to include both scientific
investigation and local herbalist knowledge in order to maximize the value assigned to a forest area.

RESUMEN
Evaluamos la composición medicinal en el bosque primario y secundario en La Cruz, Costa Rica a 1540
m del bosque mojado premontano. Especies de plantas herbáceos y leñosos mas que 45cm y menos que
200 cm estaban recolectados, identificados y examinados para propiedades medicinales y usos curativos
en cuenta de libros de referencia medicinal botania y las cuentas de herbalistos locales. Nos encontramos
aproximadamente el mismo de diversidad especies en las dos parcelas, pero la composición de especies
cambio se varía mucho. Encontramos que herbalistas locales saben más sobre las especies secundarias y
sus usos que las especies primarias. También, encontramos que herbalistas locales saben una variedad
mas extenso de especies que pueden estar utilizados medicinalmente en las parcelas primarios y
secundarios, sin embargo los libros referencias pueden proveer mas usos curativos por especie. Los
estudios del conocimiento medicinal pueden definir un valor para un bosque que sea critical para su
conservación. También, es esencial que los estudios en la composición científica y el conocimiento de los
herbalistas en orden que maximar el valor de un bosque.

INTRODUCTION
In an era of intensive deforestation, it is apparent that the loss of species and biological
diversity is occurring at a rapid and devastating rate. Tropical forests are especially important for
conservation since they hold 50% of the world’s species (Shultes and von Reis, 1997). Tropical
forests are also a storehouse of various resources which humans readily utilize and often depend
upon. Included in these forest resources is a vast extension of medicinal plants, which are not
only useful in and by themselves but also currently provide blueprints for synthesized drugs used
in modern medicine.
Preceding the colonization of Costa Rica by Europeans, the indigeneous population of
400, 000 had already become greatly devastated by disease (Molina, 1998). The arriving
Europeans brought their accustomed clear-cut agricultural systems rather than adopting the
indigenous integrated practices where gardens closely mimic the multi-layered forest canopy and
other necessities are extracted from within the forest ecosystem (Clay, 1990). For these reasons,
little was ever learned from the existing indigenous peoples who once utilized native plants.
INBIO (Instituto Nacional de Biodiversidad) is currently trying to rediscover the medicinal value
of Costa Rica’s forests by cataloging and chemically testing medicinal plants. If the resource of
medicinal plants makes biodiversity “economically and intellectually valuable”, there will be a
greater incentive for conservation and less pressure for destruction and deforestation (Meffe,
1994).
Because primary forest areas are known to house a greater diversity of species (Terborgh,
1992), we hypothesize that primary forests also have a greater medicinal plant diversity than
secondary forest areas. Also, since humans are usually in closer contact with secondary growth
forests which grow in response to some major disturbance, (Terborgh, 1992), we believe that
local people will know more about medicinal plant species in secondary forest than in primary
forest. In addition, our study will show differences between the knowledge of scientific
medicinal information and the knowledge of medicinal plants by the local community.
The results of this study, using the knowledge of both books and herbalists, may provide
insight into the relative medicinal value of primary and secondary forests, a value which will
help to determine the future of the forests in the balance of conservation and development by
maximizing the worth of the forest.

MATERIALS AND METHODS
This study was conducted in La Cruz, Costa Rica at 1540m in lower montane wet forest
on the property of Don Jim Wolfe. The study area took place within ten hectares of primary
forest and approximately one hectare of adjacent secondary growth, which was cut eighteen
years ago and has since been regenerating without disturbance. Forest plots were chosen to attain
homogeneity by avoiding large changes in elevational gradient and by avoiding large gap areas.
In six 100m² plots of primary forest and six 100m² plots of secondary growth, all understory
woody and herbaceous plants excluding vines and ferns from 45 cm to 200 cm were sampled and
individuals of each species were counted. Each new sample was labeled according to plot
number and plant number for later identification. The samples were pressed and brought to local
botanists (William Haber and Willow Zuchowski) for identification. Once identified, we looked
up each species in various neotropical and Costa Rican national medicinal plant reference books

(Morton, 1981 and Nuñez, 1978) to identify if and how the plants were used medicinally. Then
the plants were taken to local herbalists (Eric Bello and Eladio Cruz) to identify any known
medicinal properties.
We calculated the diversities of all plots using Shannon-Weiner indices. We then
compared overall diversity of all primary plots combined to the overall diversity of secondary
plots combined using a Mann Whitney U-test index and a Modified T-test.
For the medicinal diversity, we used a Shannon-Weiner index for diversity in each
primary and secondary forest and a modified t-test to compare those diversities. We compared
the knowledge of the herbalists to information found in book references using chi-square tests.
We also compared the average number of uses per plant known independently by herbalists to
the average number of uses per plant which were cited in book references using a Mann-Whitney
U-test.

RESULTS
The primary forest areas included 382 individual plants, representing 51 different species, while
the secondary forest area had 1050 individuals representing 65 species. Shannon-Weiner
diversity indices for primary forest (H’ = 3.099) and secondary forest (H’ = 3.150) were
compared using a Mann-Whitney U-test (U-prime = 20.0, p > 0.05, df = 1, Fig. 1) and a
Modified T-test (t = -1.6375, p > 0.05, df = 644). Evenness in primary forest (E = 0.788) was
nearly equal to the evenness in secondary forest (E = 0.750). Beta diversity calculated between
the forest areas shows radical species turnover (B = 0.8362). Species area curves were also made
for both primary and secondary forest areas (see species area curves, p. 12-13).
We used Shannon-Weiner indices to calculate the medicinal diversities of the two forest
areas. Shannon-Weiner diversity indices for primary forest (H’ = 2.770) and secondary forest (H’
= 2.584) were compared using a Modified T-test (t = -.3946, p > 0.05, df = 107).
We used Chi-square tests to compare herbalist knowledge with book references on
medicinal plants. When a Chi-square test was done comparing herbalist knowledge of primary
versus secondary forest, results showed that given the difference in species richness in the two
forest areas, herbalists knew less than expected for primary forest and more than expected for
secondary forest (X² = 4.752, p = .0293, df = 1, Table 1b). The Chi-square test comparing book
knowledge of primary versus secondary forest showed that given the unequal species richness in
primary and secondary forests, books reported medicinal plants in proportion to relative species
richness, as expected by random models (X² = .328, p > 0.05, df = 1, Table 1a). We used a
Mann-Whitney U-test to compare the average number of uses per medicinal plant species known
by herbalists to that found in books. These results showed that authors reported more average
uses per medicinal plant species than herbalists in secondary forest but not in primary forest (Fig.
2).

DISCUSSION
Contrary to our hypothesis, our results show that the primary and secondary study sites
have an equal diversity of total species (medicinal and non-medicinal combined) and medicinal
species. One explanation for the equal diversity may be that medicinal species are related to the
chemical properties of plants rather than simply related to the higher diversity of forest types. For

example, primary plant species are shade-tolerant and slow growing, and are therefore able to
invest more in longer-lasting, immobile compounds. Secondary species, on the other hand, are
fast-growing with shorter leaf lifetimes, so we can expect them to contain high turnover, mobile
leaf defenses (Coley, 1985). Chazdon et. al. (1998) found a significantly greater medicinal
diversity in secondary growth which they attributed to a more accessible source of bioactive
compounds than what is found in primary plant species (Coley, 1999). A second explanation for
the equal medicinal diversity of primary and secondary areas can be explained as a bias by our
source of herbalists who knew significantly more medicinal species in secondary habitat. This
result may occur because secondary areas are more readily accessible to the local people than
undisturbed areas of primary habitat.
Our Chi-square tests comparing book reference information and the knowledge of local
herbalists demonstrates that reference books provide more information over the different
medicinal uses per plant than herbalists could provide (Fig 2). However, herbalists know of more
plant species that are used locally for curative purposes in both primary and secondary forests
than what the reference books described (Table 2). This reveals that herbalists may know more
about local medicinal species than would be expected by referring to national or neotropical
resources for medical uses. Reference books, on the other hand, provide a more comprehensive
resource because they provide a compilation of information from many herbalists and
ethnobotanists of different regions. The low overlap of species known by books and by herbalists
(Table 2) suggests that there is little trading of knowledge between scientific investigations and
local folklore.
Medicinal knowledge from studies such as ours may be used to define a value for forest
areas. If companies such as INBIO wish to discover the value of a forest area by its medicinal
species, it is critical that knowledge of local herbalists be included in order to maximize the
value assigned to a given forest area. This value may be critical in determining the future of the
forest, including its conservation. Herbalists tend to know more numbers of local species than
book references, while book references can provide a more comprehensive source of information
from various regions of studies. But the fact that there is little overlap between scientific
investigations and local knowledge suggests an area of study that needs more attention.
If the medicinal diversity of the secondary forest is indeed equal to that of primary
habitat, it emphasizes the importance of good land management practices. These areas are
already more accessible to humans, and they are able to provide important services such as
medicines to humanity. Furthermore, due to high rates of species loss, primary habitats are
becoming increasingly critical in conserving biodiversity, yet they continue to be exploited for
their economical resources. If these resources can instead be extracted from well-managed
secondary growth, then the protection of primary areas may be a more attainable goal for
conservation (Budowski 1988). On the other hand, considering the high Beta diversity between
the primary and secondary forests of our study, perhaps both habitats are needed for the
production of different medicinal resources, and therefore, both habitats should be protected.
Future studies may include a long-term study with more exhaustive sampling to obtain a
better understanding of differences in diversities in primary and secondary forest habitats.
Another study could include sampling of continually disturbed areas such as roadsides in
addition to forest sampling to show the rates of turnover between these areas and to evaluate how
much knowledge local herbalists know about continually disturbed areas. As always, more
information is needed about the medicinal species composition of forest areas, including
chemical analyses of plant species and an inventory of local knowledge to promote conservation

and preserve biodiversity. Furthermore, it is essential for studies on medicinal composition of
forests to include both scientific investigation and local herbalist knowledge in order to
maximize the value assigned to a forest area.
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Table 1a. Shows number of species in each primary forest, secondary forest and total numbers known by
book references. X2 = 0.328, P = 0.5668
Plant Species
Medicinal
Non-Medicinal
Total

Primary Forest
11
40
51

Secondary Forest
17
48
65

Total
28
88
116

Table 1b. Shows number of species in each primary forest, secondary forest and total numbers known by
herbalists. X2 = 4.752, P = 0.0293
Plant Species
Medicinal
Non-Medicinal
Total

Primary Forest
21
30
51

Secondary Forest
40
25
65

Total
61
55
116

Table 2. Number of medicinal species per reference source.
Number of species reported, Herbalists
Number of species reported, Books
Number of species reported, Both
Total number of species reported

50
17
11
78

